Background {#Sec1}
==========

The Resolutions of International Organizations, the UN, ILO, WHO; ICOH, and the EU have called for their member countries to strengthen their OHS to better respond to the needs of the health and work ability of their working populations. Studies by the ILO and ISSA and the 27 EU Countries survey carried out in 2009 by the European Agency for Safety and Health at Work (EU-OSHA) reported that 61% of interviewed Europeans considered that the impact of the global financial crisis would lead to a deterioration in working conditions. The strategies and programmes of the International Organizations (ILO, WHO, UNDP, World Economic Forum), and most recently, UN Sustainable Development Goals (SDGs) Nos. 1, 3 and 8, have set targets and objectives for the provision of OHS for all working people \[[@CR1]--[@CR20]\].

The countries compete with each other through the quality and productivity of their workforces \[[@CR10]\]. In addition to ensuring the health, safety and well-being of workers, a well-developed OHS system will also be in a key position to support the development of productivity and the prevention of productivity loss. This takes place through the prevention of sickness absenteeism and premature disability, the control of losses from occupational accidents and diseases, and through striving for longer working careers among the ageing working populations by promoting health, work ability and better work organization \[[@CR10], [@CR14], [@CR20]--[@CR22]\]. So far, most countries of the world have not organized OHS for the majority of workers \[[@CR23], [@CR24]\].

Information on the coverage, content, resources, governance, and financing of OHS in countries is scarce. A few studies by WHO Geneva, WHO-EURO as well as some individual researchers or research groups have examined research priorities in occupational health (OH) or OHS \[[@CR22], [@CR24]--[@CR39]\].)

Some countries have drawn up National OHS profiles, which show the current OHS situation \[[@CR38], [@CR40]--[@CR46]\]. Therefore, surveys are important in completing the data.

Only a few countries have established systematic national OHS statistics that would permit a detailed analysis of the status of OHS at national, regional and global levels \[[@CR47], [@CR48]\].

The most recent international call for the development of OHS for all is the United Nations (UN) Resolution on Sustainable Development Goals (SDGs 1, 3 and 8) \[[@CR2]\].

The purpose of the present study was to survey, through key informants, the status of OHS at the national level and to estimate the global availability of OHS in view of the objectives of the international strategies and standards of the UN, ILO and the WHO \[[@CR2], [@CR4]--[@CR6]\].

Methods {#Sec2}
=======

Questionnaire form {#Sec3}
------------------

A questionnaire with 20 main questions, both structured and open in form, was developed using models of several other questionnaire surveys \[[@CR34], [@CR35], [@CR49]\] used in various target OHS groups. Six senior experts from four countries tested the feasibility of the form by pre-filling. Seven questions had a space for clarifications (Questions 4, 5, 11, 12, 13, 14, 17). Two questions were open for listing national future priorities and providing information on changes and developments since the first ICOH survey in 2011. A space was given for complementary information and documentation, which several respondents provided in addition to their responses. The questionnaire was annexed with a list and explanations of the most relevant concepts and definitions used in the study. An advance information letter was sent to the study group. Complementary information provided by the respondents was combined for the analysis of results. The first survey of this kind was carried out among the ICOH National Secretaries in 2010--2011 \[[@CR24]\]. The questions were similar to enable comparisons.

Table [1](#Tab1){ref-type="table"} describes the main domains of the survey.Table 1Main domains and themes of survey questionsDomainBrief titleQuestion themes ^a^Normative basisPolicy• Ratification of ILO ConventionsStrategy• National policy and strategyLegislation and implementation• OHS legislation\
• Steering and enforcement bodies\
• Implementation of ILO-OSH 2001OHS resourcesInstitutions and human resources• National institutions\
• Professional organizations\
• Human resources (physicians, nurses, hygienists, etc.)\
• Composition of OHS teamsSystems and infrastructuresService provision models and service providers\
Workers' access to OHS• Service provision models\
• OHS coverage\
• Coverage of OHS' support services\
• OHS for SMEs and the self-employed\
• Integration of OHS with PHC\
• Key actors in OHSSubstantive orientation and content of OHSPrincipal orientation of OHS (preventive, curative, mix)• List of OHS activities \[[@CR49]\]\
• Application of BOHS activities \[[@CR57]\]\
• Implementation of ILO-OSH Guideline \[[@CR52]\]OHS financingFinancing models• Financing sources (employer, public budget, insurance, etc.)Future developmentsPriorities for OHS development• 3--5 most important priorities for OHS developmentChanges and developments since first surveyDevelopments in OHS since 2011• Main changes in OHS system in any of the domains described above^a^ This report describes the results of only a part of the study questions

Study participants {#Sec4}
------------------

The 2015 questionnaire was sent to all 58 ICOH National Secretaries on 4 March 2015 and three reminders were also sent out by 15 May 2015. A total of 49 forms were received by 31 May 2015. ICOH National Secretaries were selected as the key informants for this survey. The ICOH National Secretaries are elected and specially appointed by the ICOH President for three-year tenures from among ICOH members who are active in ICOH and known to have good contacts with the OH communities, stakeholders and actors in their countries. The responding National Secretaries were from countries covering 75% of the whole ICOH membership. The majority of respondents were affiliated with well-established national organizations, national institutes of occupational health and safety, universities, ministries, or national associations of occupational health (or a respective body).

Statistical analysis {#Sec5}
--------------------

Pearson's correlation coefficients were calculated in order to quantify the strengths of association and the direction of the relationship between 'OHS coverage' and the UNDP Human Development Index (HDI) and the World Economic Forum Competitiveness Index. Both analyses yielded a positive and statistically significant relation (*p* \< 0.001) \[[@CR12], [@CR13]\].

Results {#Sec6}
=======

Response rates and geographical distribution {#Sec7}
--------------------------------------------

ICOH Regions were used as the basis for the geographical distribution of the countries (showing North American and Latin American countries separately and Oceania and Asia as two separate regions). The overall response rate was 84.5%. The highest absolute number of responding countries came from Europe, followed by Africa, Asia, and Latin America and the Caribbean, whereas the highest percentage rates were recorded for Africa and Oceania. The rates for all continents were 70% or over, except for that of North America, which was 33% (Table [2](#Tab2){ref-type="table"}).Table 2Survey respondentsContinentNo. of responding countriesNo. of ICOH member countries with NSResponse rate, %Africa1111100.0Asia8988.9Latin America and the Caribbean71070.0North America1333.3Europe212487.5Oceania11100.0Total495884.5

Since 2011, the number of responding countries has more than doubled in Africa and grown slightly in the Latin American Region, but decreased in Europe, North America and Asia. A total of 13 countries that responded in 2011, and represented 4.9% of the total global workforce, did not respond in 2015. In addition, 15 new respondents were obtained in 2015, employing 281.1 million workers (8.3% of the world total). Thus, the total study base grew from 1.973 billion workers in 2008 to 2.356 billion in 2014, i.e. by 19.5%. In sum, the respondents of the 2015 survey came from countries in which 70% of the workers of the world were working \[[@CR50]\].

Normative basis {#Sec8}
---------------

### Ratification of international instruments {#Sec9}

A total of 22 respondent countries (45%) have ratified ILO Convention No. 155 (33% of all the 66 countries that have ratified this Convention), 14 countries (28.5% of the respondents) have ratified ILO Convention No. 161 (42% of the total of 33 ratifiers), and 15 countries (30.6%) have ratified Convention No. 187 (37% of the total of 41ratifiers) \[[@CR4], [@CR14], [@CR51]\]. Thus, collectively, about a third of all ratifications of the three key OSH Conventions have taken place in the respondent countries. The ratifications of Convention No. 161 are recorded from Africa, Europe, Latin and North America, but none from Asia.

Although only less than one third of the respondent countries have ratified ILO Convention No. 161 on Occupational Health Services, twice as many have a policy and strategy for OHS in place (Table [3](#Tab3){ref-type="table"}).Table 3Normative basis and governance of OHS in respondent countriesNormative basis and governanceNumber of countries%Ratification of ILO Convention No. 1611429Policy on OHS3367Strategy on OHS3265Governance- Ministry of Health (MOH)1020- Ministry of Labour (MOL)1837- Joint (MOH-MOL)1837- Other36

### Formally adopted national OHS policy and strategy {#Sec10}

ILO Convention No. 187 \[[@CR14]\] and the WHO Global Plan of Action on Workers' Health \[[@CR6]\] call for a national policy framework and strategy on OSH and workers' health. The majority of the countries (33/49, 67% of respondents) had an officially adopted OHS policy, or OHS was dealt with as a part of the OSH policy. The policy principles were also sometimes provided in the explanatory statement for labour legislation. In 69% of the respondent countries, the OHS policy was endorsed at a high political level, by the parliament, government as a whole, or by the responsible ministry, as recommended by the ILO. A total of 79% of the countries that had ratified ILO Convention No. 161 reported having a national OHS policy, whereas the respective percentage among the non-ratifiers was 63%.

In all, 32 countries (65%) had an independent national OHS strategy: nine of the ratifying countries and 23 of the non-ratifying countries.

### Governance {#Sec11}

Several OSH laws include provisions for collaboration and joint decision by the Ministry of Labour (MOL) and the Ministry of Health (MOH). Joint steering by the MOH and the MOL (with their subordinated government agencies) was reported by 37% of the respondents as the model for the governance and implementation of OHS. An equal percentage was reported for governance by the MOL alone. The MOH alone held governance in 20% of countries.

### ILO-OSH management systems {#Sec12}

A total of 49% of respondent countries had implemented the ILO-OSH Management System \[[@CR52]\], an instrument that provides authorities and workplaces with a systematic approach to the organization of OSH activities at different levels of the system. Social partners employers and workers, also played an important role in OHS governance in the majority (61% and 67%, respectively) of the countries.

OHS resources {#Sec13}
-------------

### National institutions for occupational health and occupational safety and health {#Sec14}

Twenty-seven countries (55% of respondents) had either a national institute of occupational health or a respective unit in the jurisdiction of the relevant ministry. In some countries (e.g. Croatia), the responsibilities and activities of the national institute were delegated to several institutions. In others, a part or all of the activities of a national institute were carried out by the universities.

### Professional organizations and associations {#Sec15}

In most of the respondent countries, occupational health physicians (OHPs) had an association of their own (43 countries, 88% of respondents). Similarly, 30 countries (61% of respondents) had associations for occupational hygienists, 28 for ergonomists (57%) and 33 (67%) for safety engineers. The number of the countries that had professional associations of occupational health nurses (OHNs) was smaller, at 22 (45%). Twelve countries reported having an association of occupational psychologists (24%). Some of the countries also had associations for other professionals in the OSH field, for example, work organization experts.

### Human resources for OHS {#Sec16}

Table [4](#Tab4){ref-type="table"} shows the availability of various OHS professional groups in the respondent countries.Table 4Human resources for OHSOHS personnelAvailability in the countryData available on the numbersNumbers of OHS personnel% of totaln%n%Occupational health physicians491004388143,52235Occupational health nurses3469295975,36518Occupational hygienists3367295935,2909Safety engineers40852857149,14735Ergonomists/occupational physiotherapists3163244997532Occupational psychologists2531193929531Total416,030

OHPs and safety engineers were the largest expert groups, followed by OHNs and occupational hygienists. The resources of psychologists and ergonomists were very low. Multidisciplinary OHS teams with four to seven expert categories were reported by 40 countries (82%) and monodisciplinary OHS teams (fewer than four expert categories) in nine countries (18%); The multidisciplinary expert resources were available in 70% of the countries with MOH model, 94% with MOL model and in 78% of the countries with joint model. This is in line with the occurrence of the 'comprehensive content' and 'ILO standard content' of OHS, which both require multidisciplinary staff for implementation.

### Composition of OHS teams {#Sec17}

One of the basic principles in the development of OHS according to ILO Convention No. 161 is to organize services in a multidisciplinary team, instead of using individual experts. An optimal team would comprise an OHP, OHN, occupational hygienist, ergonomist, safety engineer, occupational psychologist, and other disciplines closely related to OH. The competence profiles of OHS teams in most countries were multidisciplinary, as proposed by the ILO. In eight countries, seven, and in 11 countries, six disciplines were available. Some of the expertise was only occasionally available, whereas the physicians' and nurses' services were more regularly available. We defined the teams with health personnel only, as monodisciplinary.

Data on the numbers of physicians working in OH were available in 43 countries (88% of respondents), on nurses and on occupational hygienists working in OH in 29 countries (59%, respectively),, and safety engineers in 28 countries (57%). Most countries reported their total numbers of experts, but not the full-time equivalents. Not all the reported professionals were necessarily specialists. The density of experts, i.e. the average number of served workers per one expert, for example, an OHP, varied substantially between the responding countries; the average density in the whole responding material being one physician per 16,416 workers. Table [4](#Tab4){ref-type="table"} presents the total numbers of reported OHS experts in the respondent countries. The densities of safety engineers were the highest, followed by OHPs.

The densities of experts in relation to the total employed population varied in orders of magnitude. For example, the highest densities of OH experts were reported in Finland, one OHP/1234 employees and one OHN/1045 employees, and Italy had one OHP/2478 employees. The lowest densities were recorded in developing countries, India had one OHP/66581 workers in the total labour force, and some African countries had one OHP/1--4.5 million employees. If all the OHS experts of the respondent countries are counted together, the average density amounts to one OH expert/5663 workers. The total work-time input for OHS by non-medical personnel is, however, estimated to be substantially lower than the full-time equivalent.

### Training of OHS personnel {#Sec18}

The level of training of OHS personnel was measured using the availability of various specialties in the OHS teams. Forty-four countries (90% of respondents) had a specialty in occupational medicine or occupational health, and special training for OHNs was organized in 21 countries (43% of respondents). Specialist training for occupational hygienists was organized in 28 countries (57% of respondents). Several countries provided shorter training for OH experts who were not specialists. Training was provided by university medical faculties for basic curricula of OHPs and by nursing schools, universities and polytechnics for OHNs. The professional associations contributed together with universities to complementary training. Professional associations, medical chambers or specialty boards on the basis of formal authorization were responsible for examining and granting specialties and diplomas to trainees.

A majority of physicians in OHS did not have specialist training in occupational health/occupational medicine, but had some training in OH. Among the nurses, a few months to one-year training in OH was common, while proper specialist training of three to 4 years was rare. The ratio of the numbers of physicians to nurses working in OH was 1.9.

The experiences of integrating OHS with primary health care (PHC) identified a need for training in OH for PHC personnel as a critical prerequisite for the provision of basic OHS in PHC units \[[@CR53]\]. Some countries commented on an urgent need for OH training of OHS providers within the PHC system in particular.

OHS systems and infrastructures {#Sec19}
-------------------------------

### Service provision models for OHS {#Sec20}

Table [5](#Tab5){ref-type="table"} presents the service provision models utilized in the respondent countries.Table 5Availability of different service provision models used in respondent countriesProvision modelNumber of countries% of respondentsBig industry in-plant service4592Group service3265PHC units or other PH service3776Hospital polyclinics2653Private services4184Other model1531Number of respondents49

Most of the countries had organized service provision through multiple models (Table [5](#Tab5){ref-type="table"}). A total of 92% of the respondent countries utilized the big industry model, in which a company-specific OHS unit provides services for the employees of a big company, usually with 500 employees or more. The private services model was used by 84% of the respondents. A total of 76% of countries also utilized services provided by PHC units as one service provision model. Group services, organized jointly by several, usually medium-sized or small companies, were utilized by 65% of the respondents.

### Coverage of OHS {#Sec21}

Coverage means the percentage of workers of the total workforce with access to OHS.

OHS coverage in the countries varied widely (0.5%--100%). MOH governance showed higher coverage (58%) than OHS in MOL (21%) or joint governance (20%). A total of 31% of the respondent countries had more than 50% coverage of employees, but the majority had a lower percentage or did not provide data on their coverage (Fig. [1](#Fig1){ref-type="fig"}). In 2014, the emerging economies with large working populations; China, India and Brazil, together employed a total of 68% of the workers of the surveyed worker population. Coverage was 26% in Brazil, 10% in China \[[@CR54]\] and below 10% in India \[[@CR55]\]. Many of the countries with a high coverage (75% to 97%), for example Croatia, Finland, FYR Macedonia, and the Netherlands are relatively small, with only a minor impact on the global coverage. However, coverages exceeding 75% were also reported in bigger countries such as France, Italy and Japan.Fig. 1Estimated coverage of OHS reported in 48 countries

A rough estimate of the population with access to some kind of OHS among the worker population of the respondent countries was approximately 585 million, making the average coverage of the total employed population 24.8%. The majority (1.77 billion) of the 2.36 billion economically active workers (75.2%) in the surveyed countries, however, did not have access to OHS.

### Integration of OHS with PHC {#Sec22}

WHO has recently emphasized the revitalization of PHC and the integration of health services at the grassroots level \[[@CR56]\]. In almost half, 47%, of the respondent countries OHS was fully or partly integrated with PHC. The level of integration varied from assignment of OHS tasks to PHC personnel or to organization of OHS within the PHC units as a separate activity (e.g. Croatia, Finland, FYR Macedonia).

A total of 27 responding countries (55%) reported that they had introduced the Basic Occupational Health Services (BOHS) approach \[[@CR57]\] in order to extend the coverage of OHS to uncovered sectors and workers. Of these, 12 countries had organized BOHS as a separate occupational health service, and an additional 17 respondents reported having integrated BOHS with their PHC.

The likelihood of OHS being integrated with PHC was more common under MOH governance.

OHS contents and activities {#Sec23}
---------------------------

The substantive content of OHS is guided by several international instruments and numerous national guidelines \[[@CR4], [@CR49], [@CR58]--[@CR61]\]. In 34 respondent countries (69%), the main orientation was mixed, combining both preventive and curative activities, and in 14 countries (29%) preventive only. One of the respondents provided curative activities only. Half of the services provided under MOH governance were preventive only, while the respective share in the MOL- and joint MOH-MOL governance models was one-fifth.

The impact of the ratification of Convention No. 161 on the content of OHS was analysed. The comprehensive content was most prevalent (51% of total) and equally represented among the ratifiers and non-ratifiers. Second was the 'ILO standard content' (31% of total).

Tmain orientation of OHS (preventive/curative) was different depending on the governance model. As the preventive only and mixed (preventive + curative) were equally represented in the MOH model, the vast majority (75%) of MOL and joint models favoured the mixed content.

The comprehensiveness of OHS was measured by the number of different types of activities included in the OHS programme (Table [6](#Tab6){ref-type="table"}). Services with 13--14 activities including prevention, promotion, curative care, rehabilitation, information, and training and education (60) were considered comprehensive, and services with 10--12 activities were considered 'ILO standard content', corresponding roughly to ILO Convention No. 161 provisions, and services with 1--9 activities were classified as limited.Table 6Occurrence of various OHS activitiesActivitiesNo. of countries%Orientation and planning3980Surveillance of work environment4694Surveillance of workers' health4694Assessment of health and safety risks4490Information and education4592Preventive actions4286Prevention of accidents4286First aid4286Diagnosis of occupational and work-related diseases4286Promotion of health and work ability4388General health care3061Curative care and rehabilitation3061Record-keeping4388Evaluation and auditing3367

A higher percentage of countries with MOL governance (72%) followed the comprehensive content model. MOH-governed OHS had such wide content in 50% of the countries, whereas it in the joint MOH + MOL governance was reported in 39%.

The multidisciplinary content of services was common in the responses; over 82% of respondents reported a total of 10 or more different OHS activities, including prevention, risk assessment, surveillance of work environment and workers' health, health education and information, diagnosis of occupational diseases, and prevention of accidents. The provision of such content requires multidisciplinary OHS staff. The vast majority, 82% of the respondents, used four or more expert OHS categories.

Financing of OHS {#Sec24}
----------------

The ILO principles stipulate that the primary responsibility for financing OHS rests on the employer. This responsibility can be met by either direct financing or through employer payment of insurance premiums (35% of respondents). Most respondent countries used multiple sources of funding (63% of respondents) (Table [7](#Tab7){ref-type="table"}).Table 7Financing modelsFinancing mechanismNo. of countries%Employers only1633Public sector only----OSH Insurance12Special Insurance----General Social Insurance12Combination of some of the above3163Other

None of the countries financed OHS from public funds only. The big industries in particular often financed on their own.

Future priorities {#Sec25}
-----------------

The respondents were asked to mention 3--5 priorities for future development of OHS. A total of 44 countries (90%) responded to the question of future priorities and gave a total of 154 priority items. Seven groups of priorities were recognized, the most common being:The development of the content of OHS to keep abreast with changing work lifeInfrastructure development to improve the provision of OHSDevelopment of OHS functions, such as mainstreaming of OHS and developing information systems, andCapacity building, particularly training of OHPs, OHNs and other OH experts, as well as the integration of OHS elements into the curricula of other experts (such as engineers) (Fig. [2](#Fig2){ref-type="fig"}). Fig. 2Future OHS development priorities of the responding countries

OHS summary profiles and development indices {#Sec26}
--------------------------------------------

Figure [3](#Fig3){ref-type="fig"} represents an example of an eight-domain profile, using data from four countries in this survey \[[@CR38], [@CR40], [@CR62], [@CR63]\]. In general, the differences in the development stage of OHS are demonstrated by several parameters.Fig. 3Arbitrary profiles on main domains of four countries drawn up on the basis of the survey. (Scaling criteria provided in Additional file [1](#MOESM1){ref-type="media"})

The reported OHS coverage figures were correlated with the UNDP HDI and the World Economy Forum competitiveness indices \[[@CR12], [@CR13]\] (Figs. [4](#Fig4){ref-type="fig"} and [5](#Fig5){ref-type="fig"}). The two indices correlated positively with the growing coverage of OHS.Fig. 4Correlation between coverage of OHS and the UNDP Human Development Index, 2014 (HDI) (*R* = 0.62, *p* \< 0.001) \[[@CR12]\] Fig. 5Correlation between coverage of OHS and the World Economic Forum Competitiveness Index, 2014 (*R* = 0.54, p \< 0.001) \[[@CR13]\]

Discussion {#Sec27}
==========

Representativeness of the study {#Sec28}
-------------------------------

Key informant surveys have been widely used in the research of health services systems \[[@CR64]--[@CR67]\]. The present study used the definition of the key informant by Parsons et al. \[[@CR67]\].

This survey can be mainly considered as a qualitative study of OHS among key informants (ICOH National Secretaries) in countries with organized ICOH-related professional activities.

The response rate of the ICOH national secretaries was 84.5%. Collectively, the respondent countries represented roughly 75% of total ICOH membership.

Limitations of the method {#Sec29}
-------------------------

The survey questions were designed by examining several other surveys and their questionnaire verbiage as a starting point \[[@CR34]--[@CR37], [@CR49]\]. The low rate of 'not available' responses speaks in general for the good feasibility of the questionnaire form.

Only one key informant per country was available for the survey, which may limit the scope of information provided in the responses. The guidance given for respondents on consultation at the national level may have compensated for this to a certain extent.

Three factors may cause positive bias in the representativeness of the current study. First, it is assumed that the proxy respondents interpreted the situation more positively than the constituents \[[@CR67]\], for example in the assessment of OHS in SMEs and among the self-employed. Second, the larger size of the OH community with national secretaries is assumed to reflect a relatively well developed OHS system. Third, the responses are mainly qualitative in principle. For example, as the comprehensive content of OHS is reported by high numbers of countries, the result cannot be interpreted as nation-wide coverage of comprehensive OHS. However, an identifiable part of OHS may have such content. Therefore, conclusions regarding the average global situation on the basis of the current study should be drawn with caution.

However, the base of the present study was unique, due to well-informed expert participants. The lack of reliable registries and statistics in most countries affects the availability of quantitative data.

Normative basis {#Sec30}
---------------

The key international instruments provide guidance for the development of the OHS system, contents and good practices \[[@CR4]--[@CR6], [@CR58]--[@CR60], [@CR68], [@CR69]\],

ILO Convention No. 161 calls for drawing up a national OHS policy and programme. The survey indicates that the respondents are well informed of the requirements of the international instruments and that the instruments' impact was more wide ranging than the extent of formal ratifications. OH policies were more widespread than strategies and programmes. This reflects the challenges of practically implementing policies in countries (implementation gap). It seems that ratification is not a prerequisite for an OH policy and strategy, and that the ILO instruments' guidance is used without ratification.

In addition to ministries and authorities, social partners, employers and workers play an important role in the Government Advisory Bodies and in practical implementation. In such a multi-stakeholder setting, it is important that all the partners have equal access to information on OHS. An OHS profile provides equal information for all partners in the governance of OHS. Such profiles reveal both the strengths of the system and its needs for development. ILO and WHO encourage countries to draw up national OSH and OHS profiles \[[@CR3], [@CR38], [@CR40], [@CR46]\].

The majority of the respondent countries stipulate, through OSH legislation, that employers are obliged to organize OHS for workers. An independent stand-alone law on OHS exists only in Finland, whereas several countries, for example, Italy and Thailand, authorize health centres by law to provide OHS.

Human resources for OHS {#Sec31}
-----------------------

Limited human resources for OHS constitute an obstacle in the achievement of the universal provision of services (capacity gap). The most important obstacles in the provision of services for small-scale enterprises, the self-employed and informal sector workers are the lack of service infrastructures and shortage of trained OHS personnel. A total of 49 countries reported on the availability of OHPs. A formal specialty in occupational medicine/occupational health is available in 90% of the respondent countries, but the absolute numbers of the specialists are, in the experience of the authors, very low. OHNs were available in only 34 respondent countries. In many countries, the profession of OHN is non-existent, while in some countries they constitute the most important expert group of OHS.

The absolute numbers of personnel in various expert categories, however, do not enable the organization of multidisciplinary services to the extent reported, due to the low availability of ergonomists and occupational psychologists.

A minimum density of OH experts, one OHP and two OHNs per 5000 workers, has been proposed on the basis of practical experience \[[@CR57]\]. The present average density of physicians and nurses working in OH in the respondent countries is one expert per 10,764 workers. Covering the capacity gap in the respondent countries would require doubling present resources, and filling the gap in the whole world would mean a three-fold number of OHPs and particularly OHNs. Instead of the recommended ratio of 0.5, the present survey found the ratio between physicians and nurses in OHS to be 1.9.

In some countries, such as Croatia, the former Yugoslav Republic of Macedonia and Serbia \[[@CR35]\], physicians providing OHS in PHC units are specialists in occupational medicine. In Finland, a third of OHPs in municipal OHS are OH specialists and must have special training in OHS \[[@CR47]\], whereas 51% of physicians in big industry services are specialists.

To meet the international recommendations for multidisciplinary and comprehensive services, numbers of other OH experts are insufficient (occupational hygienists, psychologists, ergonomists).

The UN High-level Commission on Health, Employment and Economic Growth (2016) has proposed a target of 40 million new health and social workers by the year 2030 \[[@CR70]\]. Reaching full coverage of OHS for all working people would require 1.5% of this resource for OHS (0.6 million).

OHS systems and infrastructures {#Sec32}
-------------------------------

The key aspects of OHS infrastructures are service provision capacity, coverage and contacts with workers, employers and workplaces.

### Service provision models {#Sec33}

A total of 90% of respondents have three or more service provision models available; the big industry, private centre model and the PHC centre model being the most common. Thus, the availability of an alternative service provision model enables services for several different types of enterprise. Further delegation of OH to PHC staff or general practitioners (GPs) has been proposed \[[@CR53], [@CR57]\]. This is, however, unrealistic, as WHO reports a 40-million shortage of health personnel in general in the world by 2030, particularly in PHC. Even in well-developed health systems such as that in Finland, PHC workers report high workloads and psychological stress \[[@CR70]--[@CR72]\].

### OHS coverage {#Sec34}

Question 16 in the current survey elicited the coverage of the workers as a percentage of the total employed population, i.e. the proportion of the workers of the total workforce with access to OHS.

Wilson et al. found a statistically significant association between the ratification of relevant ILO Conventions (Convention No. 161 in particular) and lower occupational accident fatality rates than in non-ratifier countries \[[@CR73]\]. Ratification may facilitate OSH programmes in general, including OHS. However, average coverage in the world is still low, as was the estimated global coverage of OHS in the present survey, which was 18.8%.

The increase in coverage in the present survey was due to the higher average coverage of the new respondents compared with that of the 2011 survey, and was related to the change in the study base.

In view of the requirements of the International Instruments \[[@CR4], [@CR5], [@CR74]\], and often of the law applicable in the countries, the OHS coverage of workers in the surveyed countries is insufficient, with only a few exceptions (coverage gap). The coverage gap is seen particularly among workers in small-scale enterprises, the self-employed, agriculture, and the informal sector. ILO Convention No. 161 and the WHO Global Strategy on Occupational Health for All request the universal provision of OHS for all working people. As on average 80% of the total working population in the world do not have access to services, special and intensive actions are needed for expanding the coverage of OHS.

In order to ensure the widest possible coverage of OHS, a new BOHS approach was introduced as a joint priority of development and collaboration between ILO, WHO and ICOH \[[@CR7], [@CR57]\]. The UN SDGs now emphasize the need to provide OHS for all (SDG 3) \[[@CR2]\] by scaling up basic and specialized OHS.

Poor OHS registration and statistics may affect the recognition of the real needs of OHS and may lead to inaccuracies in coverage estimates. In a few countries, for example, Finland, France, Japan, the Netherlands, which have a high coverage of above 80% and well-established registration or survey-based OHS statistics, the available human resources and coverage figures match well, reflecting the true situation. The gap found among the SMEs, the self-employed and the informal sector is universal, particularly in emerging and developing economies. In many countries, the available number of OH experts is so limited that the level of officially reported coverage is impossible to achieve in practice.

Content of OHS {#Sec35}
--------------

The most common orientation of OHS among the respondents was mixed (preventive and curative). Question 13 listed 14 OHS activities of which half were preventive according to ILO Recommendation No. 171 and the 1990 WHO/EURO recommendations \[[@CR49], [@CR58]\]. The multidisciplinary content of services was common in the replies; over 82% of respondents reported a total of 10 or more different OHS activities, including prevention, risk assessment, surveillance of the work environment and workers' health, health education and information, diagnosis of occupational diseases, and prevention of accidents. The provision of such content requires multidisciplinary OHS staff. A total of 82% of respondents used four or more expert OHS categories. However, two biases are likely to affect the results of the present study. First, in some countries, OHS activities mainly focus on workers' health examinations that are considered primarily preventive with minimal or no workplace-oriented activities. Second, the qualitative information does not describe the national coverage of comprehensive multidisciplinary services. As the numbers of the experts, such as ergonomists and occupational psychologists in the survey material are several times lower than the numbers of OHPs and OHNs, the average availability of preventive and comprehensive services remains limited. A considerable 'gap' in real content prevails in many countries.

Financing {#Sec36}
---------

In the majority of the countries, arrangements for OHS financing are based on mixed employer and insurance funding. This fits the well-organized sectors of work life, but most of the workers in the coverage gap are employed in less organized settings, often with no social protection or insurance, and a majority has no formal employment contract and thus no employer. Organizing funding for OHS in such sectors needs public interventions either through direct action by the government or through public social insurance. The social insurance model may provide more long-term stability and sustainability for services. Some countries have organized insurance-based funding for OHS on the principle of solidarity, i.e. the sectors and enterprises that are able to contribute pay slightly higher premiums than their mathematical share to cover the costs of the non-contributing sectors \[[@CR35]\].

In Thailand, the BOHS services provided by PHC units are financed from public sources. In the Republic of Korea, publicly financed services for small enterprises are provided by special OH centres. In Croatia, an OSH insurance for health protection at work covers all the costs of OHS using premiums paid by employers.

OHS coverage can be assessed in view of the HDI and economic competitiveness \[[@CR12], [@CR13], [@CR75]\] (see Figs. [4](#Fig4){ref-type="fig"} and [5](#Fig5){ref-type="fig"}). The financial loss from occupational accidents and diseases has been estimated to be 4%--5.9% of GDP \[[@CR75]--[@CR78]\], corresponding to about half of the total health budgets of many countries. Although data are not available, the loss among small enterprises and the self-employed may even elevate the loss estimate. Evidence from industrialized countries show that OSH has a positive impact on the national economy \[[@CR79], [@CR80]\]. In the present survey, investment in OHS does not negatively affect the competitiveness or HDI of the countries.

The UN High-level Commission on Health, Employment and Economic Growth \[[@CR70]\] has estimated the return on investment (ROI) in health to be 9:1 and a one-year increase in life expectancy, raising GDP by 4%. We can assume that the improvement of health and life expectancy of the working population plays a large part in this positive impact. For example, providing good OHS for the health sector would add to the existing health workers' input by 19%--20%, without adding new personnel \[[@CR70], [@CR81]\].

Future priorities {#Sec37}
-----------------

The respondents identified a great deal of priorities for future OHS development (Fig. [2](#Fig2){ref-type="fig"}). The priorities were principally directed towards the content, infrastructures, functions, and capacities of OHS, i.e. towards strengthening implementation rather than towards the policy or strategy already available in the majority of the countries. The responses suggest that the countries have recognized the gaps in human resources, content and coverage, and seek solutions to these, which are all prerequisites for the implementation of OHS policies and strategies.

Conclusions {#Sec38}
===========

The ICOH National Secretaries can serve as key expert informants on the OHS in their countries.

The international instruments remain valid and provide good guidance for the development of OHS at the national level. The UN strategy for SDGs further emphasizes the needs for ratification and implementation. The challenges of globalizing work life need OHS with comprehensive content and multidisciplinary human resources. Two thirds of the surveyed countries have both a qualitative (lack of multidisciplinary experts) and quantitative shortage of expert human resources (capacity gap), which is an obstacle to the achievement of full OHS coverage. Providing universal access to OHS for all working people is considered to support the socio-economic development of countries. Services are also needed for the prevention of the annual 2.3 million work-related fatalities and major economic loss.

In two thirds of the respondent countries, a wide gap in the implementation of policies into practice leaves the majority of workers without access to OHS. This implementation gap, found mainly among SMEs, the self-employed and informal sector workers, is associated with the limited availability of the necessary infrastructures, and low OHS coverage.

These shortages also affect the content of OHS (content gap). The estimated global coverage of OHS is less than 18.8% (coverage gap). In order to expand coverage, almost half of the respondent countries have undertaken actions to integrate OHS with PHC, and 55% have introduced the basic OHS approach in their OHS system.

The development of services for workers' health needs national information and statistics on OHS, including policies; institutional, human and financial resources; and the structures, coverage, contents, and activities of services in the countries.

The countries have proficiently recognized the future priorities for the development of their OHS systems, and emphasize the need to develop the prerequisites for the practical implementation of OHS. In order to achieve the UN SDGs, the UN High-level Commission has proposed a target of 40 million new health and social workers by 2030. Meeting the SDGs for workers' health would require about 0.6 million (1.5% of the proposed 40 million) OH workers by 2030.

The development of OHS throughout the world is a critical prerequisite for the achievement of the UN SDGs, particularly SDGs 1, 3 and 8 \[[@CR2], [@CR78], [@CR82]\].

Additional file {#Sec39}
===============

Additional file 1:Criteria for OHS Index. (DOCX 17 kb)

BOHS

:   Basic occupational health services

EU

:   European Union

EU-OSHA

:   European agency for safety and health at work

GDP

:   Gross domestic product

GP

:   General practitioner

HDI

:   Human development index

ICOH

:   International commission on occupational health

ILO

:   International Labour Organization

ISSA

:   International Social Security Association

MOH

:   Ministry of health

MOL

:   Ministry of labour

OH

:   Occupational health

OHNs

:   Occupational health nurses

OHPs

:   Occupational health physicians

OHS

:   Occupational health services

OSH

:   Occupational safety and health

PHC

:   Primary health care

ROI

:   Return on investment

SDGs

:   Sustainable development goals

SME

:   Small and medium-sized enterprises

UN

:   United Nations

UNDP

:   United Nations development programme

UNGA

:   United Nations general assembly

WHO

:   World Health Organization
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